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Monoclinic, P2 t /c 
a = 16.1747 (9) A 
b = 4.9242 (3) A 
c = 14.4572 (7) A 
B = 91.701 (3)° 
V = 1150.97 (11) A 3 

Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
Tna,, = 0.889, T max = 0.975 

Refinement 

R[F 2 > 2a(F 2 )} = 0.048 

wR(F 2 ) = 0.153 

S = 1.05 

2873 reflections 



Mo Ka radiation 
IX = 0.29 mm~' 
T = 173 K 

0.42 x 0.19 x 0.09 mm 



10241 measured reflections 
2873 independent reflections 
2114 reflections with / > 2a(l) 
R,„. = 0.050 



156 parameters 

H-atom parameters constrained 
Ap„ax = 0.38 e A~ 3 
&Pmm = -0.27 e A~ 3 



Received 4 July 201 1 ; accepted 5 July 201 1 Table 1 

Key indicators: single-crystal X-ray study; T = 1 73 K; mean o(C-C) = 0.003 A; Hydrogen-bond geometry (A, °). 



R factor = 0.048; wK factor = 0.153; data-to-parameter ratio = 18.4. Z)— H- ■ A D — H H- ■ -A D- ■ -A Z>— H- ■ -A 



The title compound, Ci 2 H u F0 3 S, was prepared by alkaline 
hydrolysis of ethyl 2-(5-fluoro-7-methyl-3-methylsulfanyl-l- 
benzofuran-2-yl) acetate. In the crystal, the carboxyl groups 
are involved in intermolecular O— H- ■ O hydrogen bonds, 
which link the molecules into centrosymmetric dimers. 

Related literature 

For the pharmacological activity of benzofuran compounds, 
see: Aslam et al. (2009); Galal et al. (2009); Khan et al. (2005). 
For natural products with benzofuran rings, see: Akgul & Anil 
(2003); Soekamto et al. (2003). For structural studies of related 
2-(5-halo-3-methylsulfanyl-l-benzofuran-2-yl)acetic acid 
derivatives, see: Choi et al. (2009a,fc). 




CH 3 

Experimental 

Crystal data 

C, 2 H n F0 3 S M r = 254.27 



02-H2- ■ -03 1 0.84 1.87 2.706 (2) 177 

Symmetry code: (i) — x, —y + 1, — z. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 1998); 
software used to prepare material for publication: SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5266). 
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2-(5-Fluoro-7-methyl-3-methylsulfanyl-l-benzofuran-2-yl)acetic acid 
P. J. Seo, H. D. Choi, B. W. Son and U. Lee 

Comment 

Recently, many compounds involving a benzofuran moiety have drawn much attention due to their valuable pharmacological 
properties such as antibacterial and antifungal, antitumor and antiviral, and antimicrobial activities (Aslam et al, 2009, 
Galal et al., 2009, Khan et al, 2005). These benzofuran derivatives occur in a wide range of natural products (Akgul & 
Anil, 2003; Soekamto et al, 2003). As a part of our ongoing study of the substituent effect on the solid state structures 
of 2-(5-halo-3-methylsulfanyl-l-benzofuran-2-yl) acetic acid analogues (Choi et al, 2009a, b), we report herein the crystal 
structure of the title compound 

In the title molecule (Fig. 1), the benzofuran unit is essentially planar, with a mean deviation of 0.005 (1) A from the 
least-squares plane defined by the nine constituent atoms. The carboxyl groups are involved in intermolecular O — H-0 
hydrogen bonds (Table 1), which link the molecules into centrosymmetric dimers. 

Experimental 

Ethyl 2-(5-fluoro-7-methyl-3-methylsulfanyl-l-benzofuran-2-yl)acetate (338 mg, 1.2 mmol) was added to a solution of 
potassium hydroxide (337 mg, 6 mmol) in water (10 ml) and methanol (10 ml), and the mixture was refluxed for 5 h, then 
cooled. Water was added, and the solution was extracted with dichloromethane. The aqueous layer was acidified to pH 1 with 
concentrated hydrochloric acid and then extracted with chloroform, dried over magnesium sulfate, filtered and concentrated 
at reduced pressure. The residue was purified by column chromatography (ethyl acetate) to afford the title compound as a 
colorless solid [yield 82%, m.p. 436-437 K; Rf - 0.65 (ethyl acetate)]. Single crystals suitable for X-ray diffraction were 
prepared by evaporation of a solution of the title compound in benzene at room temperature. 

Refinement 

All H atoms were positioned geometrically and refined using a riding model, with O — H = 0.84 A, and C — H = 0.95 A for 
aryl, 0.99 A for methylene and 0.98 A for methyl H atoms, respectively. (7j S0 (H) = 1.5(7 e q(0), and 1.2(7 e q(C) for aryl and 
methylene, and 1.5(7 e q(C) for methyl H atoms. 

Figures 



Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. H atoms are presented as a small 
spheres of arbitrary radius. 
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2-(5-Fluoro-7-methyl-3-methylsulfanyl-1-benzofuran-2-yl)acetic acid 



Crystal data 
C12HHFO3S 
M r = 254.27 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 16.1747 (9) A 
b = 4.9242 (3) A 
c= 14.4572 (7) A 
(3 = 91.701 (3)° 

F= 1150.97 (11) A 3 

Z=4 



^(000) = 528 

D x = 1.467 MgnT 3 

Mo ifa radiation, X. = 0.71073 A 

Cell parameters from 3638 reflections 

6 = 2.5-27.9° 

H = 0.29 mnT 1 
T= 173 K 
Block, colourless 
0.42 x 0.19 x 0.09 mm 



Data collection 



Bruker SMART APEXII CCD 
diffractometer 

Radiation source: rotating anode 
graphite multilayer 

Detector resolution: 10.0 pixels mm" 1 
cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.889, T max = 0.975 
10241 measured reflections 



2873 independent reflections 

2114 reflections with / > 2a(I) 
R int = 0.050 



fc = -19->21 
/ = -19-»19 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.048 
wR(F 2 ) = 0.153 

S= 1.05 

2873 reflections 
156 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 

Hydrogen site location: difference Fourier map 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0891P) 2 + 0.0162P] 

where P = (F 0 2 + 2F c 2 )/3 

(A/o) max < 0.001 

Apmax = 0.38 e A~ 3 
Ap min = -0.27eA" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
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in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al R-factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2sigma(F ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Uiso*/U e q 


SI 


0.15190 (3) 


0.70323 (12) 


0.30067 (3) 


0.0375 (2) 


Fl 


0.38947 (9) 


-0.1018 (3) 


0.42507 (7) 


0.0606 (5) 


Ol 


0.29563 (7) 


0.4092 (3) 


0.10941 (7) 


0.0292 (3) 


02 


0.10398 (10) 


0.3674 (3) 


0.03782 (12) 


0.0558 (5) 


H2 


0.0565 


0.3189 


0.0195 


0.084* 


03 


0.05132 (8) 


0.7769 (3) 


0.01681 (10) 


0.0438 (4) 


CI 


0.22446 (10) 


0.5379 (4) 


0.23383 (11) 


0.0273 (4) 


C2 


0.28406(10) 


0.3388 (4) 


0.26357 (10) 


0.0255 (4) 


C3 


0.30513 (12) 


0.2144 (4) 


0.34788 (11) 


0.0324 (5) 


H3 


0.2782 


0.2579 


0.4035 


0.039* 


C4 


0.36662 (11) 


0.0275 (5) 


0.34518 (11) 


0.0355 (5) 


C5 


0.40838 (11) 


-0.0469 (4) 


0.26625 (11) 


0.0337 (5) 


H5 


0.4506 


-0.1811 


0.2700 


0.040* 


C6 


0.38838 (10) 


0.0749 (4) 


0.18228 (11) 


0.0291 (4) 


C7 


0.32623 (11) 


0.2652 (4) 


0.18496 (10) 


0.0257 (4) 


C8 


0.23433 (10) 


0.5719(4) 


0.14195 (11) 


0.0286 (4) 


C9 


0.43079 (12) 


0.0035 (5) 


0.09414 (12) 


0.0402 (5) 


H9A 


0.3896 


-0.0592 


0.0479 


0.060* 


H9B 


0.4713 


-0.1410 


0.1065 


0.060* 


H9C 


0.4591 


0.1642 


0.0707 


0.060* 


CIO 


0.18996 (12) 


0.7432 (5) 


0.07219 (13) 


0.0358 (5) 


H10A 


0.2252 


0.7646 


0.0179 


0.043* 


H10B 


0.1815 


0.9259 


0.0989 


0.043* 


Cll 


0.10771 (11) 


0.6315 (4) 


0.04024 (11) 


0.0292 (4) 


C12 


0.07261 (13) 


0.4483 (5) 


0.30180 (15) 


0.0471 (6) 


H12A 


0.0508 


0.4187 


0.2386 


0.071* 


H12B 


0.0278 


0.5087 


0.3411 


0.071* 


H12C 


0.0959 


0.2782 


0.3263 


0.071* 



Atomic displacement parameters (A 2 ) 





U n 


U 22 


t/ 33 


SI 


0.0334 (3) 


0.0289 (4) 


0.0506 


Fl 


0.0761 (9) 


0.0696 (12) 


0.0360 


Ol 


0.0293 (6) 


0.0322 (8) 


0.0258 


02 


0.0470 (9) 


0.0267 (9) 


0.0917 


03 


0.0319(8) 


0.0305 (9) 


0.0680 



(3) 0.0038 (2) 0.0054(2) -0.0077(2) 

(6) 0.0303 (8) -0.0012 (5) 0.0216 (6) 

(5) 0.0010 (6) -0.0025 (4) 0.0047 (5) 

(11) -0.0022 (8) -0.0345 (8) 0.0036 (9) 

(9) 0.0070 (7) -0.0143 (7) 0.0012 (7) 
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C 1 


U.U244 (6 ) 


a mm f i c\\ 
u.uz.3y (1U) 


a ft>\ 
U.U33j (5 ) 


A nn 1 fl CQ\ 

— U.UU1U (o) 


fl AAA*7 f£\ 

— U.UUU / yo) 


fl AAA 1 f 0\ 

— U.UUU 1 (5) 


CZ 


U.Uzia (6 j 


A (Y)A fl f 1 A\ 

u.uz4y (iuj 


A AT7fl f*7\ 

U.UZ fy {/) 


A AA 1 ^ f C\ 

— U.UUIj y<$) 


A flflfll f£\ 

U.UUU1 (o) 


A AA 1 A f*7\ 
— U.UU1U ( /) 




U.U3 /J (1U) 


A A1 A1 f 1 ")\ 

U.U343 (1Z) 


U.UZjo ( /) 


fl flflflT fO\ 

u.uuuz (y ) 


A AATA f*7\ 

U.UUZU ( /) 


fl AAOl /Q\ 

U.UUZ / (o) 


C4 


U.U4U1 (,1UJ 


U.U3 / J (,13) 


U.UZoo yo ) 


fi fifi/ifi n fi^ 

U.UU4U (1U) 


U.UU4Z y 1 ) 


A AAQ7 fO\ 

U.UUy 1 yo) 




U.UzVo (V ) 


U.U3Uo (1ZJ 


U.U4UO (y ) 


fl AA/^1 ffl\ 

u.uuo3 (y ) 


fi fifm fn\ 
— U.UUZZ (/) 


A AAA 1 ffl\ 

u.uuu i yy) 


Co 


r\ ac* tv\ 
U.UZ40 (5 ) 


U.U3U / (1Z) 


a An 1 /'ca 
U.U3Z1 (o) 


A flfl 1 fl fC\ 

— u.uuiy y<$) 


A AAA*7 ( £\ 

U.UUU / (o) 


A AA/1 1 fC\ 

— U.UU4Z (o) 


C7 


ri AT/i"7 /o~\ 

0.0247 (8) 


0.0278 (11) 


0.0243 (7) 


-0.0033 (8) 


-0.0032 (6) 


A AAT 1 /"7\ 

0.0021 (7) 


C8 


0.0240 (8) 


0.0251 (11) 


0.0362 (8) 


-0.0015(8) 


-0.0052 (6) 


0.0024 (8) 


C9 


0.0342 (10) 


0.0504(15) 


0.0362 (9) 


0.0065 (10) 


0.0058 (7) 


-0.0090 (9) 


CIO 


0.0359 (10) 


0.0290(11) 


0.0420 (9) 


-0.0021 (9) 


-0.0099 (8) 


0.0080 (9) 


Cll 


0.0324 (9) 


0.0257 (11) 


0.0291 (7) 


-0.0007 (9) 


-0.0042 (6) 


0.0034 (8) 


C12 


0.0375 (11) 


0.0407 (15) 


0.0637 (12) 


-0.0032 (11) 


0.0121 (9) 


-0.0064 (11) 



Geometric parameters (A, °) 



SI— CI 


1.7440(17) 


C5— C6 


1.384(2) 


SI— C12 


1.795 (2) 


C5— H5 


0.9500 


Fl— C4 


1.3605 (19) 


C6— C7 


1.376 (3) 


Ol— C8 


1.369 (2) 


C6— C9 


1.507 (2) 


Ol— C7 


1.382 (2) 


C8— C10 


1.484 (3) 


02— Cll 


1.303 (2) 


C9— H9A 


0.9800 


02— H2 


0.8400 


C9— H9B 


0.9800 


03— Cll 


1.200 (2) 


C9— H9C 


0.9800 


CI— C8 


1.353 (2) 


C10— Cll 


1.500 (3) 


CI— C2 


1.432 (3) 


C10— H10A 


0.9900 


C2— C7 


1.391 (2) 


C10— H10B 


0.9900 


C2— C3 


1.397 (2) 


C12— H12A 


0.9800 


C3— C4 


1.356 (3) 


C12— H12B 


0.9800 


C3— H3 


0.9500 


C12— H12C 


0.9800 


C4— C5 


1.392 (2) 






CI— SI— C12 


99.86 (10) 


CI— C8— Ol 


111.87 (15) 


C8— Ol— C7 


105.96 (12) 


CI— C8— C10 


131.99(18) 


Cll— 02— H2 


109.5 


Ol— C8— C10 


116.10(15) 


C8— CI— C2 


106.36 (15) 


C6— C9— H9A 


109.5 


C8— CI— SI 


125.95 (15) 


C6— C9— H9B 


109.5 


C2— CI— SI 


127.69 (12) 


H9A— C9— H9B 


109.5 


C7— C2— C3 


119.05 (17) 


C6— C9— H9C 


109.5 


C7— C2— CI 


105.98 (14) 


H9A— C9— H9C 


109.5 


C3— C2— CI 


134.97 (16) 


H9B — C9 — H9C 


109.5 


C4— C3— C2 


115.62(15) 


C8— C10— Cll 


114.05 (16) 


C4— C3— H3 


122.2 


C8— C10— HI OA 


108.7 


C2— C3— H3 


122.2 


Cll— C10— H10A 


108.7 


C3— C4— Fl 


118.29 (15) 


C8— C10— HI 0B 


108.7 


C3— C4— C5 


125.18(16) 


Cll— C10— H10B 


108.7 


Fl— C4— C5 


116.52(18) 


HI OA— C10— HI 0B 


107.6 


C6— C5— C4 


119.90(18) 


03— Cll— 02 


123.63 (18) 


C6— C5— H5 


120.0 


03— Cll— C10 


121.85 (19) 


C4— C5— H5 


120.0 


02— Cll— C10 


114.49(17) 


C7— C6— C5 


115.00(15) 


SI— CI 2— HI 2A 


109.5 
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C7 — C6 — C9 


122.29 (16) 


SI — C12 — H12B 




109.5 


C5 — C6 — C9 


122.71 (17) 


H12A — C12 — H12B 




109.5 


C6 — C7 — Ol 


124.91 (14) 


SI — C12 — H12C 




109.5 


C6 — C7 — C2 


125.25 (16) 


H12A — C12 — H12C 




109.5 


Ol — C7 — C2 


109.83 (16) 


H 1 2B — C 1 2 — H 1 2C 




109.5 


CI 2 — ol — CI — Co 


A*7 ( 1 o\ 

y ! .11 (ly) 


r^n r^c f~*H 

C9 — C6 — C / — Cz 




1 *7A in /i o\ 

i /y.iy (io) 


pi /^i 
Clz — ol — CI — Cz 


o 1 *7n ( 1 a\ 
— ol. fy (ly) 


/"iq f^n r^c 
C8 — U 1 — C / — C6 




1 *7A 1*7/1 Q\ 

i /y.i / (lo) 


r^Q r^i r^T r^"7 
Co — CI — Cz — C / 


-0.3 (2) 


r^Q r\\ c^~i r^o 
Co — U 1 — C / — Cz 




— u.uz (iy) 


ol — CI — Cz — C/ 


1 to on ( 1 /i \ 
1 /o.oy (14) 


/^i f^"t f^n r^c 
CJ — Cz — C / — C6 




U.3 (3) 


Co — C 1 — Cz — Cj 


— 1 /y.4 (Z) 


1 f^"t f^n r^c 
CI — Cz — C / — C6 




— 1 /y.UU (lo) 


o 1 — C 1 — Cz — C 5 


-0.2 (3) 


r^i r^T f^n /~u 
C 5 — Cz — C / — U 1 




1 /y.4/ (lo) 


r^n r^"i r^i r^A 

C / — Cz — Cj — C4 


0.0 (3) 


r^i r^o /~"7 ni 
CI — Cz — C / — Ul 




U.Z (Z) 


r^i /~"> r^i /~m 
C 1 — Cz — C 5 — C4 


1 *7n a cw 

i /y.u (Z) 


r^T r^i r^o /~i 1 
Cz — C 1 — C8 — U 1 




0.3 (2) 


f^"i r^l C^A T71 

Cz — Cj — C4 — r 1 


_ i /y.j / (,i /) 


pi r^i r^o /~ii 
ol — CI — Co Ul 




1 "70 Ol (\ 1\ 
— Y /O.yi (13) 


c^"i r^i f^A r"^ 
Cz — Cj — C4 — CD 


-0.3 (3) 


Cz — C 1 — Co — C 1 U 




1 "7Q 1 Q ( 1 G\ 

i /o.io (iy) 


r^i r^^i r^c r^/; 
C3 — C4 — C5 — Co 


0.5 (3) 


pi /^i /~i o pin 
ol — CI — C8 — CIO 




1 A 

-1.0 (3) 


Fl— C4— C5— C6 


179.75 (17) 


C7— Ol— C8— CI 




-0.2 (2) 


C4— C5— C6— C7 


-0.3 (3) 


C7— Ol— C8— C10 




-178.42 (15) 


C4— C5— C6— C9 


-179.8 (2) 


CI— C8— C10— Cll 




-77.6 (3) 


C5— C6— C7— Ol 


-179.19(16) 


Ol— C8— C10— Cll 




100.2 (2) 


C9— C6— C7— Ol 


0.3 (3) 


C8— C10— Cll— 03 




148.89 (18) 


C5 — C6 — C7 — C2 


-0.1 (3) 


C8 — C10 — Cll — 02 




-32.9 (2) 


Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H-A 


D-A 


D — H 


02— H2- -03' 


0.84 


1.87 


2.706 (2) 


177 



Symmetry codes: (i) -x, -y+l, -z. 
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